The authors selected 8 ordered quantities from smallest (1st) to largest (8th) from each of 36 domains, such as population of countries and production of commodities. Given the 1st and 8th (broad domain boundaries), 2nd and 7th (medium boundaries), 3rd and 6th (narrow boundaries), 2nd and 3rd, 6th and 7th, or none of the quantities, participants estimated the 4th and 5th quantities from each domain. They then repeated the estimations as 3-person groups or individuals. The groups performed at the level of their best members and better than the independent individuals. All 5 domain boundaries improved estimation for both groups and individuals. Estimations were most accurate given the narrow (3rd and 6th) boundaries, suggesting processes of assimilation rather than averaging.
Quantity estimation is an important aspect of both daily life and occupational activities. People frequently estimate quantities such as the population of a country, revenues of a company, length of a river, beef production of a region, mileage between cities, or area of a state. Moreover, many of these quantity estimations are made by formal and informal groups, such as securities analysts, weather forecasters, construction crews, travelers, or sports fans. Group versus individual quantity estimation is a basic and enduring topic in the social psychology of small group performance (for reviews see, e.g., Davis, 1969; Gigone & Hastie, 1997; Hastie, 1986; Steiner, 1966 Steiner, , 1972 , and the discovery of conditions that will improve group and individual quantity estimation is important for both theory and practical applications.
Comparisons of group and individual quantity estimation have traditionally required a simple or "cold" estimation without any further knowledge about the domain. For example, the group or individual may be asked "How long is the Mississippi River in miles?," "What is the population of Michigan?," or "What were the revenues of Wal-Mart in 2001?," with no further knowledge about the length of other rivers, population of other states, or revenues of other retailers. Extending this traditional approach, Laughlin, Bonner, Miner, and Carnevale (1999) compared three conditions of known information about the domain. Participants made 60 quantity estimations in a number of domains, such as the length of rivers, populations of states, and revenues of companies. In one condition they were given two quantities in the domain before making the estimation. For example, they were given the length of the Mississippi River and the length of the Colorado River before estimating the length of the Ohio River. In a second condition they were given one quantity in the domain before making the estimation. For example, they were given the length of the Mississippi River before estimating the length of the Ohio River. In the third condition they made the estimations, such as the length of the Ohio River, without any known quantities in the domain. They then repeated the estimations as a three-person group or as individuals. Both group and individual estimations were improved by the known quantities in the domain of estimation. The groups performed below the level of their best member, at the level of their second-best member, and above the level of their third-best member. The second group estimations were more accurate than the second individual estimations.
In this experiment there was no systematic relationship between the known quantities and the quantities to be estimated. Both of the known quantities were larger for some estimations, for example, the known length of the Mississippi River (2,340 miles) and length of the Colorado River (1,450 miles) before estimation of the length of the Ohio River (981 miles). Both of the known quantities were smaller for some estimations, for example, the known 1994 revenues for MMM ($15 billion) and Xerox ($18 billion) before estimation of the 1994 revenues of Hewlett-Packard ($25 billion). One of the known quantities was larger and one was smaller for other estimations, for example, the known area of the Pacific Ocean (64 million square miles) and the Arctic Ocean (5 million square miles) before estimation of the area of the Atlantic Ocean (33 million square miles).
This known information about the domain defines upper and lower boundary conditions. In the current experiment we systematically varied these boundary conditions relative to the quantities to be estimated. We selected 36 domains for which we expected the participants to have minimal to moderate knowledge, including population per square mile of countries, potato production of countries, areas of land, areas of bodies of water, production of manufactured goods, values of exports, elevations of mountains, lengths of rivers, numbers of livestock, and so forth. For each domain, eight quantities were ordered from smallest (1) to largest (8). For example, the first domain was population per square mile of countries, with eight ordered quantities from smallest to largest as follows: Will group and individual estimation be improved comparably for these wide (Condition 1&8), moderate (Condition 2&7), and narrow (Condition 3&6) ranges of upper and lower domain boundaries? Will group and individual estimation be improved more for the three conditions with both upper and lower boundaries (Condition 1&8, Condition 2&7, and Condition 3&6) than for the two conditions with lower boundaries only (Condition 2&3) or upper boundaries only (Condition 6&7)? The processes of assimilation in social judgment theory (Sherif & Hovland, 1961; Sherif, Taub, & Hovland, 1958) lead to a predicted order of accuracy for the six conditions. Sherif et al. (1958) had participants place each of a series of six ordered weights of 55, 75, 93, 109, 125 , and 141 g in one of six categories from lightest to heaviest. This resulted in a frequency distribution that was approximately rectangular for the six categories. The participants then repeated the judgments of the six weights after first lifting the heaviest weight (141 g) of the series or lifting a weight of 168, 193, 219, 244, 267, 288, 312, or 347 g that was increasingly heavier than the heaviest weight of the series. The frequency distribution for the six categories shifted rightward (negative skew) toward the weight of 141 g, and then shifted increasingly leftward (positive skew) as the weight of the previously lifted weight increased toward 347 g. Sherif et al. (1958) considered the shift of the frequency distribution toward the 141-g weight the result of an assimilation process to the anchor weight and considered the shift of the frequency distribution away from the increasingly heavier (168-g, 193-g, etc. ) weights the result of a contrast process. Sherif and Hovland (1961) subsequently applied these processes of assimilation and contrast to a theory of attitude change. Given an existing attitude, persuasive messages within the person's latitude of acceptance are assimilated to the attitude, resulting in attitude change, whereas persuasive messages within the person's latitude of rejection are contrasted, resulting in no attitude change or a boomerang effect (see Eagly & Chaiken, 1993 , for an excellent presentation of social judgment theory and research).
A participant who lifts a weight before judging other weights has direct experience with the anchor weight. Similarly, a participant knows his or her own attitude before receiving a persuasive message designed to change the attitude. Thus, both assimilation and contrast processes may occur. We assumed that the participants in the current experiment had only minimal to moderate familiarity with the domains, such as population per square mile of countries. Accordingly, we assumed that all estimations would be assimilated to whatever known quantities or boundary conditions were given before the estimations, rather than contrasted. If participants are equally likely to assimilate their estimations to the lower (1, 2, 3) or upper (6, 7, 8) of the two quantities in Condition 1&8, Condition 2&7, and Condition 3&6, the order of performance from better to poorer should be Condition 3&6 Ͼ Condition 2&7 Ͼ Condition 1&8. If they assimilate their estimations to the two quantities in Condition 2&3 and Condition 6&7, there should be (a) poorer performance for Conditions 2&3 and Condition 6&7 than for Condition 3&6; (b) comparable performance for Condition 2&3, Condition 6&7, and Condition 2&7; and (c) better performance for Condition 2&3, Condition 6&7, and Condition 2&7 than for Condition 1&8. Any of these five pairs of known quantities in the domain should improve estimation relative to Condition None. Hence, we predicted that the order of performance from best to poorest would be as follows:
The participants first made the 36 pairs of estimations as individuals. They then repeated the estimations as three-person cooperative groups or control individuals under the same one of the six conditions. As in the previous experiment of Laughlin et al. (1999) , we predicted that group performance on the second estimations would be below the level of the group's best member on the first individual estimations, at the level of their second-best member, and above the level of their third-best member. We also predicted that the groups would perform better than the individuals on the second estimations.
Method
The participants were 216 students in introductory psychology courses at the University of Illinois at Urbana-Champaign. They received course credit for participation.
The estimation items were taken from 36 different domains in Goode's World Atlas (Hudson, 2000) : (1) population per square mile of countries, (2) potato production of countries, (3) population of U.S. cities, (4) synthetic rubber production of countries, (5) silver production of countries, (6) population of countries, (7) area of U.S. states, (8) urban population of countries, (9) coffee production of countries, (10) area of countries, (11) population of U.S. states, (12) area of seas, (13) In Condition 1&8, participants were given the first (smallest) and eighth (largest) of the eight ordered quantities before estimating the fourth and fifth quantities, in Condition 2&7 they were given the second and seventh, in Condition 3&6 they were given the third and sixth, in Condition 6&7 they were given the sixth and seventh, in Condition 2&3 they were given the second and third, and in Condition None they were not given any quantity in the domain before estimating the fourth and fifth quantities. Condition (1&8, 2&7, 3&6, 6&7, 2&3, and None) was a within-subject variable so that sets of six pairs of estimations (1-6, 7-12, 13-18, 19 -24, 25-30, and 31-36) were made under each of the six conditions with six different questionnaires, as defined by the Latin square design of Table 1 .
All participants first estimated the fourth and fifth quantities in each of the 36 domains as individuals, and their questionnaires were collected. They were then randomly assigned to make the same estimations under the same conditions (i.e., questionnaire) a second time as 48 three-person groups or as 72 individuals.
The basic instructions were as follows:
Please read the information given to you and make your best estimates in response to the questions asked. You are not expected to know the exact answers to these questions. It is, however, important to respond to each question with your best estimate written on the corresponding line.
In Conditions 1&8, 2&7, 3&6, 2&3, and 6&7, each question was preceded by two given quantities. For example, the first item in Condition 2&3 gave the second quantity (Switzerland) and third quantity (Spain) before the requested estimation of the fourth (Cuba) and fifth (China) quantities for population per square mile, as follows:
The population per square mile of Switzerland is 145. In the group condition, each of the three group members had a booklet of the items. The group members were instructed to discuss each item and agree on a group estimation; each of the three group members was to write the group estimation in his or her booklet. Afterward, the experimenter explained the purpose of the research to the participants, answered any questions, gave them a written debriefing with a Note. Quantities within each domain were ordered from 1 ϭ smallest to 8 ϭ largest. For each domain, the target estimations were Quantities 4 and 5. 2&3 ϭ second and third quantities given before making estimations; 6&7 ϭ sixth and seventh quantities given; 1&8 ϭ first and eighth quantities given; 2&7 ϭ second and seventh quantities given; 3&6 ϭ third and sixth quantities given; None ϭ no quantities given.
reference for further reading, and thanked them for their participation.
Results
Because of the wide range of possible values for different estimations (e.g., length of rivers vs. area of oceans), we first transformed the responses to base-10 logarithms. 1 We then computed the absolute difference between the logarithm of the response and the logarithm of the correct answer for each estimation.
2 Hence, smaller scores indicate better performance.
Group Versus Member Performance
We first compared the group scores on the second administration with the scores of the best group member, second-best group member, and third-best group member on the first administration. Table 2 gives the mean absolute differences between the log of the estimation and the log of the correct answer for the second individual and group estimations for the six conditions. A 2 (group vs. individual) ϫ 6 (conditions) analysis of variance indicated a significant main effect of group (M ϭ 42.79) versus individual (M ϭ 48.05), F(1, 118) ϭ 4.61, p Ͻ .05, MSE ϭ 28.76, SES ϭ 0.39, with better performance for the groups. The main effect of condition was also significant, F(5, 590) ϭ 144.66, p Ͻ .001, MSE ϭ 14.02. In accord with the predicted order of performance from social judgment theory, we conducted five planned contrasts. These planned contrasts indicated (a) better performance for Condition 3&6 than Conditions 6&7 and 2&3, F(1, 590) ϭ 8.08, p Ͻ .01, SES ϭ 0.42; (b) a nonsignificant difference between Condition 6&7 and Condition 2&3, F(1, 590) Ͻ 1; (c) a nonsignificant difference between Conditions 6&7 and 2&3 and Condition 2&7, F(1, 590) Ͻ 1; (d) better performance for Condition 2&7 than for Condition 1&8, F(1, 590) ϭ 15.32, p Ͻ .001, SES ϭ 0.61; and (e) better performance for Condition 1&8 than for Condition None, F(1, 590) ϭ 269.44, p Ͻ .001, SES ϭ 1.14. In summary, the order of performance from best to worst was Condition 3&6 Ͼ (Condition 6&7 ϭ Condition 2&3 ϭ Condition 2&7) Ͼ Condition 1&8 Ͼ Condition None, as predicted by social judgment theory. The Group or Individual ϫ Condition interaction was not significant, F(5, 590) Ͻ 1.
Group Versus Individual Performance

Discussion
Group Versus Member Performance
The groups performed at the level of their best members and better than their second-best and third-best members. This performance at the level of the best member is rare in research on quantity estimation. Einhorn, Hogarth, and Klempner (1977) reported that three-person groups performed at the level of their best member on estimations of the populations of U.S. cities, and Uecker (1982) reported that three-1 Because of the wide range of possible values for different estimations, it makes little sense to report means over the estimations for a given condition (e.g., over the best members' 72 first estimations). Accordingly, the untransformed means for each of the 72 estimations for each condition are available from Patrick R. Laughlin by request. 2 The absolute difference of the log of the estimation and the log of the correct answer weighs underestimations more than overestimations of the same amount (e.g., assuming a correct answer of 1,000, an underestimation of 500 gives a score of .3010 and an overestimation of 1,500 gives a score of .1761). For a measure that weighs underestimations and overestimations of the same amount equally, we also analyzed the absolute value of the difference between the estimation and the correct answer, divided by the correct answer, (|estimation -correct|) / correct. These analyses indicated the same results as the analyses for the logarithmic transformations. person groups performed at the level of their best member on judgments of the better of two production processes. Reagan-Cirincione (1994) reported that four-person and five-person groups performed at the level of their best member for two sets of judgments from predictors: (a) salaries of elementary and secondary school teachers in the 50 states from five predictors (such as the proportion of people in the state living below the federal poverty level) and (b) games won by baseball teams from five predictors (such as earned runs). This extensive experiment entailed successive judgments from multiple cues and feedback within a Brunswik (1955) lens-model framework, as well as training in effective group processes, whereas the current quantity estimations were made in multiple domains without feedback or training in group processes. In contrast to this performance at the level of their best member, Harmon and Rohrbaugh (1990) , Libby, Trotman, and Zimmer (1987) , and Sniezek (1990) reported group performance below the level of their best member on various quantity estimation tasks. Although groups perform at the level of the best group member on mathematical problems with highly demonstrable correct answers (Laughlin & Ellis, 1986; Stasson, Kameda, Parks, Zimmerman, & Davis, 1991) , groups perform at the level of their second-best member on less demonstrable world knowledge questions, such as vocabulary (Laughlin, Kerr, Davis, Halff, & Marciniak, 1975) , analogies (Laughlin & Adamopoulos, 1980) , general information (Laughlin, Kerr, Munch, & Haggarty, 1976) , and ranking of objects for usefulness in survival problems (Bottger & Yetton, 1988; Littlepage, Schmidt, Whisler, & Frost, 1995) . Because quantity estimation occurs within a framework of general world knowledge rather than a well-developed mathematical system, we had expected the groups to perform at the level of their second-best member.
The finding that the groups performed at the level of their best member and better than their second-best member in the current experiment but below the level of their best member and at the level of their second-best member in the previous experiment of Laughlin et al. (1999) may reflect the systematic relationship between the upper and lower boundary information and the estimated quantities in the current experiment and the unsystematic relationship in the experiment of Laughlin et al. (1999) . The finding that the groups performed at the level of their best member indicates a group process beyond the increment in performance provided by the known domain boundaries for both groups and individuals. Laughlin et al. (1999) suggested that known quantities in the domain of estimation may enable some inferential reasoning in quantity estimation:
To illustrate, suppose a person is told that the Mississippi River is 2,340 miles long and is asked to estimate the length of the Ohio River. This embeds the estimation of the length of the Ohio River in a larger cognitive system, structure, or schema of relevant world Note. Quantities within each domain were ordered from 1 ϭ smallest to 8 ϭ largest. For each domain, the target estimations were Quantities 4 and 5. 3&6 ϭ third and sixth quantities given before making estimations; 6&7 ϭ sixth and seventh quantities given; 2&3 ϭ second and third quantities given; 2&7 ϭ second and seventh quantities given; 1&8 ϭ first and eighth quantities given; None ϭ no quantities given.
knowledge. This cognitive or knowledge system includes the geographical facts that the Mississippi runs from Northern Minnesota to the Gulf of Mexico, the Ohio runs into the Mississippi near the bottom of Illinois, the Ohio is in the Northeastern Quarter of the United States and runs Southwest, and hence necessarily originates West of the Appalachian Mountains. Thus, the Ohio must be less than half of the length of the Mississippi. (Laughlin et al., 1999, p. 105) Although we do not believe that known domain boundary conditions convert quantity estimation into problem solving in a well-developed mathematical or logical conceptual system, we do believe that the known boundary conditions enable some inferences within a world knowledge system and hence improve quantity estimation.
Group Versus Individual Performance
As would be expected from group performance at the level of their best members, the groups performed better than the independent individuals on the second estimations. Although performance at the level of the best group member has been relatively rare in previous research, better performance for groups than individuals is a robust finding that has been reported in many experiments (for reviews see Baron, Kerr, & Miller, 1992; Brown, 2000; Davis, 1969 Davis, , 1992 Forsyth, 1999; Hackman & Morris, 1975; Hastie, 1986; Hill, 1982; Hinsz, Tindale, & Vollrath, 1997; Kelley & Thibaut, 1969; Kerr, MacCoun, & Kramer, 1996a , 1996b Kerr & Park, 2001; Levine & Moreland, 1998; Lorge, Fox, Davitz, & Brenner, 1958; McGrath, 1984; Stasser & Dietz-Uhler, 2001; Steiner, 1966 Steiner, , 1972 . Current theoretical explanations of group superiority over independent individuals emphasize collective information processing (Hinsz et al., 1997) , supplementing traditional emphases on error correction (Shaw, 1932) and recognition of correct answers (Lorge & Solomon, 1955) . Because the quantity estimations in the current experiment did not entail clearly erroneous answers or clearly correct answers, as in mathematical or logical problem solving, the group superiority is consistent with this current emphasis on collective information processing.
Known Domain Boundaries
The order of performance from best to worst for the six upper and lower boundary conditions was Condition 3&6 Ͼ (Condition 2&3 ϭ Condition 6&7 ϭ Condition 2&7) Ͼ Condition 1&8 Ͼ Condition None. This suggests that both groups and individuals followed the assimilation processes of social judgment theory (Sherif & Hovland, 1961) , which would predict the obtained order of the six conditions. The results also suggest that the groups and individuals did not follow a process of averaging the two given quantities in estimating the fourth and fifth of the eight ordered quantities, as an averaging process would predict the following order: (Condition 1&8 ϭ Condition 2&7 ϭ Condition 3&6) Ͼ (Condition 2&3 ϭ Condition 6&7) Ͼ Condition None.
A pair consisting of an upper boundary that was somewhat above the correct estimation and a lower boundary that was somewhat below the correct estimation (narrow range) resulted in better estimation than a pair consisting of an upper boundary that was considerably above the correct estimation and a lower boundary that was considerably below the correct estimation (wide range) or a pair constituting a moderate range. Similarly, a pair consisting of an upper boundary that was somewhat above the correct estimation and a lower boundary that was somewhat below the correct estimation resulted in better estimation than two known quantities that were both above the correct estimation or two quantities that were both below the correct estimation. These results have practical implications for the many cooperative groups and independent individuals who make quantity estimations. For example, real estate appraisers may make better estimations of the value of a house if they know the value of houses in the area that are somewhat more expensive and somewhat less expensive than the appraised house. Securities analysts may make better estimations of the future performance of a stock if they know the performance of stocks of companies in the same sector with somewhat larger and somewhat smaller capitalization. Football fans may make better predictions of game scores if they know the record of the teams against somewhat better and somewhat poorer opponents.
